W La Revue canadienne de psychiatrie, vol 54, no 3, mars 2009 160 Objective: While previous research has established that regular involvement in physical activity (PA) is associated with better mental health in old age, the socio-cognitive factors that mediate the association have only been partially tested. We examined whether changes in PA are associated with changes in distress during a 6-year period, and whether this association is mediated by changes in global self-esteem, mastery, and physical health status.
T he physical and mental health benefits of engagement in regular PA are well documented. 1 While the effects of PA on mental health do not appear limited to one particular age group, growing attention in this area has been directed specifically toward the role that it plays in preventing mental distress in old age. Epidemiologic studies tend to report an inverse relation between level of PA and depression symptoms in older adults, suggesting that PA may protect against depression. 2 However, there are some discrepancies in the literature. A prospective study in a community-based sample of older men and women (aged 50 to 89 years, from 1984 to 1987) in southern California confirmed that exercisers had less depressed mood, 3 but found that exercise did not protect against future depression for those not clinically depressed or disabled at baseline. In contrast, Strawbridge et al 4 found a strong protective effect for PA in their prospective study of adults (n = 1947, aged 50 to 94 years), with a 1-point increase in the 1994 PA scale associated with a nearly 20% reduction in the likelihood of being depressed in 1999. 4 Several limitations have been identified in existing work on the association between PA and psychological outcomes in old age. These include inadequate follow-up periods, reliance on clinical rather than population samples, failure to adjust for important confounders such as physical disability and problems associated with measuring PA. [4] [5] [6] One important limitation of particular relevance to our study was the failure to examine the factors that mediate the association between PA and mental distress in later life. 5, 7 While various biological, social, and cognitive factors were posited as mechanisms linking PA to mental health, researchers have seldom examined mediating factors, or assessed their relative contribution in a single model. In terms of PA, no single mechanism has yet been found to adequately explain the diverse range of possible mental health effects through PA participation. 8 However, if we are to promote PA to prevent mental distress at the population level, it is important to understand how, why, and under what conditions reductions in distress occur.
At least 2 sets of potential mediating variables have some empirical support in the extant literature. The first is comprised of physical health and related aspects of quality of life. 9 For example, the maintenance or enhancement of physical health and physical functioning may mediate the effect of PA on mental health. 10 Although some studies have included chronic health conditions as potential confounders, physical health status as a mediator in the association between PA and distress has received less attention.
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The second group of potential mediating variables consists of psychosocial factors, such as self-esteem and mastery, which are thought to play a role in explaining the mental health benefits of PA. In particular, self-esteem has been identified as an important mediating variable in the PA-depression relation. 5, 6, 12 A positive general self-concept has a known protective effect on psychological distress. Although some researchers have suggested that physical self-esteem, specifically, is central to the association between PA and depression, 13 most evidence supports a link between PA and global self-esteem among older adults. 11, 14 Given that self-esteem is consistently associated with lower levels of depression in community-based studies, it may play an important mediating role in the PA-mental health relation. [14] [15] [16] [17] [18] Mastery or sense of control is also protective against distress and depression. 15, 16, 19 Several researchers have postulated that PA may increase feelings of personal control, leading, in turn, to lower psychological distress. 11 As with self-esteem, mastery is a global measure. 20, 21 Although it is reasonable to expect that PA might be more strongly linked to a domain-specific measure of personal control related to physical health, there is evidence that PA is also associated with global mastery in older adults. 11 Thus it is important to determine whether PA is associated with mastery, and whether mastery is an intervening mechanism in the link between PA and distress.
The stress process model may be a useful framework for examining how these psychosocial factors connect PA and psychological distress. 11, 22 Many of the mechanisms identified as mediators in the PA-mental health literature are also core components of the stress process model. Moreover, a common interest in physical health problems and disability in both research traditions facilitates linkage at a conceptual level. Finally, the general framework of the model provides a practical approach for examining mediating and moderating effects. The essence of the stress process, developed by Pearlin et al, 19 is the direct and indirect effect of stress on mental health outcomes such as depression and psychological distress. Indirectly, the influence of stress on distress is mediated and (or) moderated by several psychosocial variables, including mastery, self-esteem, and social support. For example, stress exposure may result in heightened distress by eroding feelings of personal control. Alternatively, people with higher levels of mastery may, for example, be less affected by exposure to social stress simply because of their sense of control. The model then provides a useful generic framework for examining the direct and indirect effects of PA on distress through the intermediating effects of psychosocial resources and physical health.
Self-esteem, mastery, and physical health are central constructs in the stress process literature, 15 especially when the model is used to study health outcomes in older adults. 18, 21 In this study, we seek to extend earlier work using a crosssectional analysis of a large community sample of older adults. Cairney et al 11 examined the relative contributions of social stress, self-esteem and mastery, social support, and physical health status on the PA-distress relation. Self-esteem, mastery, disability, and chronic health problems were found to mediate the association between PA and distress. Our objective is now to determine whether changes in PA over time are associated with changes in psychological distress, and whether these changes can be accounted for by changes in physical health status, mastery, and self-esteem as people age.
We focused on older adults for several reasons. First, other studies 22 have explored this issue with younger and middleaged adults. Second, our present study builds directly on previous work, which has examined the association between PA and distress in older adults cross-sectionally. 11 Third, differences exist between older and younger adults in all important components of the model we examine. Levels of distress and the prevalence of major depression are lowest in the older age groups, [23] [24] [25] [26] levels of PA are also generally lower, 27 and there are important differences in life experiences and stressors that accompany the aging process.
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As other researchers have noted, there is often a lack of specificity in the PA literature regarding the terms psychological distress and psychological well-being, with the 2 often used interchangeably. 28 We have followed the lead of other mental health researchers in opting for distress, [29] [30] [31] as this construct incorporates symptoms of depressed affect and anxiety 32 -symptoms that commonly occur in people exposed to stressful circumstances or events. The longitudinal design of the NPHS involved re-interviews every 2 years. However, Wave 2 (1996) and Wave 3 (1998) were not used in this analysis because mastery and self-esteem-key variables for our study-were not included in these waves. These sections were reintroduced in Wave 4. Therefore, we used a 2-wave panel design. The 2000 NPHS (Wave 4) contained 1668 respondents of the original 2143 from Wave 1. 35 A total of 475 respondents were lost owing to follow-up during the 6-year time interval. After a list-wise deletion of missing cases for the wave predictors, 1327 respondents were available for the longitudinal analysis.
The NPHS used a complex survey design, which resulted in unequal probabilities of selection for respondents. To account for the effects of survey design on variance, Statistics Canada recommends bootstrapping results using a set of replicate weights that they supply. This procedure was followed in all analyses.
Measurement
Distress. Psychological distress was assessed by the K6, 36 a short instrument that asks respondents about common symptoms of depression or anxiety in the previous month. Possible scores range from 0 to 24, with higher scores indicating greater distress. Reliability and validity have been shown to be good, 36 and reliability was also acceptable in our data (a = 0.79).
Physical Activity. PA was measured by estimating total energy expenditure. At each wave, respondents were asked whether they had participated in any of 20 PAs in the previous 3 months. These included leisure activities (for example, walking, gardening, and social dance) and sports (for example, ice hockey, baseball, swimming, and bicycling).
Respondents were also asked how often they participated in each activity and the typical length of time spent on each. The intensity of each activity was expressed as the low-end MET of the activity. Low-intensity MET values were chosen to provide conservative estimates of energy expenditure, as activity intensities were not assessed and survey respondents have been shown to overestimate intensity, frequency, and duration of exercise. 37 Using this information, a measure of energy expenditure was derived based on the following formula:
where EE is energy expenditure (expressed in kilocalories per day), N i is the number of times respondents engaged in activity i during the period, D i is the average duration in hours of the activity, and METS is the energy cost of the activity (expressed as kilocalories per kilogram of body weight per hour of activity). This is divided by 365 to convert the yearly data into daily data.
Physical Health Status. Physical health status was measured using 2 variables. The first was a simple count of chronic physical conditions. Respondents were asked about the presence of 21 chronic health problems that had been diagnosed by a health professional. An index was created of yes responses to each health condition (0 to 21). The second measure concerned limitations in activities of daily living. Respondents were prompted to answer yes or no to 6 questions: Do you need the help of another person with . . . : 1. grocery shopping 2. normal housework 3. heavy housework 4. personal care 5. moving about in your home 6. meal preparation.
All yes responses were summed to create an index ranging from 0 to 6, with higher scores indicating more limitations in daily activities.
Self-esteem. This 6-item measure is derived from Rosenberg's original 10-item scale. 38, 39 Respondents answered each statement by selecting one of the following responses: strongly agree, agree, neither agree nor disagree, disagree, or strongly disagree. Scores range from 0 to 24, with higher values indicating greater self esteem. The reliability of this scale was good in the present data (a = 0.85).
Mastery. The perceived mastery index is a 7-item measure based on the work of Pearlin and Schooler. 40 Respondents were asked about their level of agreement with a series of statements about the level of control they feel they exercise during events in their lives (for example, "you often feel helpless in dealing with the problems of life"). The range of possible scores is 0 to 28, with higher scores indicating greater mastery. The internal reliability of the scale was satisfactory (a = 0.76), and previous work has shown validity to be good. 40 Demographics. We included age, marital status, and education. Age was measured in years. Marital status was coded as stably married during the 4 years, stably single during the 4 years, or transitioning from one category to the other. Sample size limitations precluded the examination of specific transition groups (for example, previously married to married). Education was measured as a 12-level ordinal variable, which was treated as continuous.
Analysis
In the first part of the analysis, we examined changes over time in the main variables in the analysis using paired-sample t tests. Next, we examined whether change in the dependent variable (distress) during 6 years was associated with change in PA, and the extent to which this relation was affected by changes in physical health status, self-esteem, and mastery. In this portion of the analysis, we used the residualizing technique described by Kessler and Greenberg. 41 In Figure 1 , we examined the bivariate relation between PA and distress over time. We divided respondents into 3 groups based on change in PA: those whose PA change score was 1 standard deviation or more above the mean; those whose change score was 1 or more standard deviations below the mean; and those whose PA levels changed by less than 1 standard deviation. Respondents with little or no change in PA had similar levels of distress at both waves. At Wave 1, respondents who subsequently experienced a change in activity level had lower distress than those whose activity level remained relatively constant. Respondents who had a greater than 1 standard deviation reduction in PA showed a dramatic increase in distress. Conversely, respondents with increases in PA showed a decrease in distress over time. While the general pattern was as expected, distress in the group with a PA level that did not change over time was much higher than anticipated.
To further interpret these results, we examined the average PA levels for each of these groups for Wave 1 and Wave 4 ( Figure 2 ). Most respondents whose PA changed little (SD < 1) were sedentary at both time points, while the group with falling PA levels (SD > 1) had high baseline activity scores that decreased to a level similar to that of the consistently sedentary activity group in Wave 4. Conversely, respondents whose activity level increased (SD > 1) had PA levels that were low at baseline but then increased markedly.
In Table 2 , we report results from a series of regression models intended to gain a clearer understanding of the relation between change in PA and change in distress. In Model 1, we regressed Wave 4 distress on Wave 1 distress. The stability in psychological distress during the 6-year period accounted for 17% of the explained variance of distress in Wave 4. Model 2 examined the effect of change in PA on changes in distress. After accounting for baseline PA score, reductions in PA during the 6 years were significantly associated with increases in distress. In Model 3, we controlled for age, education, and marital status. The effect of change in PA on change in distress remained relatively unchanged.
In the subsequent models, we examined how changes in physical health status, self-esteem, and mastery influenced the relation between PA and distress. In Model 4, the inclusion of both measures of physical health status reduced the effect of changes in PA on changes in distress by 30% from Model 2. Moreover, an increase in limitations of activities in daily living was significantly associated with increased distress. However, change in the number of chronic conditions was not a significant predictor. The effect of changes in self-esteem and mastery (Model 5) reduced the effect of 
Discussion
Our results provide further evidence that PA has a protective effect on mental distress in old age 2 in that increases in PA are associated with decreases in distress. This effect appears to be independent of age, sex, education, and marital status. Moreover, the availability of measurements at 2 time points, though not permitting us to determine the precedence of changes in PA and distress, allows us to establish that the 2 The most obvious potential mediator of the relation between PA and distress in this age group is physical disability. Physical health has been linked to psychological distress and to psychiatric disorder, 11, 22 and also imposes limitations on PA.
About 30% of the association between PA and distress over time was related to changes in limitations of activities in daily living. Therefore, it appears that the practical limitations imposed by poor health are of primary importance. However, the relation between PA and distress remained significant in the presence of both these variables, which is consistent with previous work showing a protective effect of PA on mental well-being that is independent of physical disability. 4 The key finding of this study concerns the other potential mediators in the PA-distress relation among older adults.
Our results show that a substantial part of the association between PA and distress (39%) is mediated by changes in self-esteem and mastery. Although previous work has established the importance of mastery and self-esteem as mediators in the relation between PA and psychological distress, 6, 11, 13, 22, 44 to our knowledge, this is the first study that has examined changes over time in these mediating factors using a large, representative community sample of older adults. Our work supports these previous studies, indicating that the link between PA and distress appears to be influenced by self-esteem and personal control. That is, higher levels of PA are associated with greater personal control and self-esteem, as well as lower levels of psychological distress.
Our findings also support previous research regarding the role that global self-esteem plays in the PA-distress relation. 11, 22 This is in opposition to the hypothesis that physical self-esteem is the most important mechanism exerting an antidepressant effect in the PA-depression relation. 13 There are at least 2 plausible explanations for the strong relation between PA and global self-esteem in our study. First, the relation may reflect the population studied: the consequences of maintaining functionality and independence may be greater for older adults. Second, the mixed results on PA and global self-esteem may reflect the short-term (typically less than 14 weeks) 14 nature of most intervention studies, as opposed to the 6-year time frame of our study. If self-esteem is considered a generally stable sense of self, stemming from a wide range of life events and experiences, then changes in global self-esteem would not come as a result of short-term PA participation. Conversely, physical self-esteem, as a single dimension or component of the more global sense of self, may be more prone to short-term changes more easily captured in a short intervention study. 13 If it is true that changes in PA lead to improvements in distress, it is possible that self-esteem is central to the process by which these improvements are brought about. Changes in PA may lead to changes in physical self-esteem, which in turn influences overall sense of self-worth, leading finally to greater psychological well-being and reduced distress. Although causality should be established first, further work could explore this possibility by employing domain-specific measures of self-esteem.
Our findings are similar for mastery, which is also a general or global construct. As with self-esteem, mastery has been shown to be an important protective factor against depression and distress. 15, 21 While previous work has identified selfefficacy as a possible mediator in the PA-mental well-being relation, similar to self-esteem, the focus has been on using specific domains of control to isolate the precise or unique mechanism responsible for the positive impact of PA on psychological well-being. Our results suggest an important role for global mastery in the PA-distress relation in old age. Future research examining an additive or interactive relation between global mastery and self-esteem is warranted. Indeed, changes in mastery may mediate improvements in self-esteem. 13 The link between PA, psychosocial resources, and distress observed here partially supports previous work that found that physical self-esteem mediated the association between participation in a PA intervention (6-month randomized control trial) and symptoms of depression in a sample of adults aged 65 years and older. 5 Together, these findings suggest that it is important to target self-esteem and sense of control in PA interventions in this population. Framing the promotion of PA and structuring PA interventions for older adults in ways that target mastery or the enhancement of perceptions of self-worth may better facilitate the alleviation of distress than interventions with a narrow focus on fitness or endurance improvements. Promoting perceptions of choice, matching and adapting activities to the preferences and abilities of participants, and reinforcing the process of being active as opposed to sedentary are all illustrative examples of such an approach.
There are several limitations in our study that need to be considered when evaluating the results presented. First, our measure of PA is based on recreational activities. With these data, we were unable to assess energy expenditure related to occupation or other routine activities such as housework. While most respondents are retired, it is nevertheless the case that activities such as vacuuming, raking leaves, and other household chores can be quite demanding from a cardiovascular perspective, but would not be reported using the measure of PA included in this survey.
A second limitation concerns the fact we were only able to assess change over a single time interval. Although the NPHS is a biennial survey, mastery and self-esteem were only included in Wave 1 and Wave 4. Thus it is not possible to establish whether changes in PA typically precede changes in distress. The advantage of 2 measurement points is simply that we are able to show that PA and distress co-vary over time. Moreover, the data is observational; a randomized design would be required to establish the existence and direction of a causal relation between distress and PA. The 6-year interval between measurements may also be problematic.
Although it provides a long enough interval for substantial changes to occur, it also raises the question of longitudinal stability in the measures used. However, it is important to note that the gap in time between time points is actually quite comparable with other work published in this area (see Strawbridge et al 4 ). Finally, the data are based on self-reports. In the case of PA, in particular, this study could usefully be replicated with direct (for example, physical fitness, heart rate telemetry, and accelerometers) measures of PA.
While neuro-biological mechanisms are often hypothesized to be responsible for the antidepressant effects of PA, our results support a small but growing body of literature focusing on socio-cognitive mechanisms linking PA and depression. 5, 6, 13, 44 While it is likely that some of the adjusted effect of PA on distress in this sample can be attributed to biological processes, a substantial part of the positive impact of PA on distress is clearly social-psychological. That these constructs are global rather than domain-specific highlights the possibility that PA exerts a generic impact on psychosocial resources, which in turn positively influence levels of psychological distress. This supports the proposition that the positive impact of PA on health is both comprehensive and multifaceted. Further, our research is consistent with the idea that even late-life changes in PA may reduce psychological distress among older adults.
Résumé : Les changements au fil du temps de l'activité physique et de la détresse psychologique chez les adultes âgés
Objectif : Bien que la recherche antérieure ait établi que la pratique régulière d'une activité physique (AP) est associée à une meilleure santé mentale en âge avancé, les facteurs sociocognitifs qui permettent cette association n'ont été que partiellement testés. Nous avons examiné si les changements d'AP sont associés aux changements de détresse durant une période de 6 ans, et si cette association est amenée par des changements de l'estime de soi globale, de la maîtrise de soi, et de l'état de santé physique.
Méthode : Une technique de régression résidualisée a été utilisée pour examiner les changements avec le temps dans une enquête nationale longitudinale menée auprès d'adultes de 65 ans et plus (n = 1 327).
Résultats : Il y a une association significative entre le changement d'AP et le changement de détresse. Séparément, l'état de santé physique représentait 30 % de la variance expliquée de la relation longitudinale entre l'AP et la détresse, tandis que l'estime de soi globale et la maîtrise de soi représentaient 39 %. Combinés, ils représentaient 50 % de la variance expliquée de l'AP sur la détresse.
Conclusion :
Ces résultats soulignent l'importance des facteurs psychosociaux dans la relation entre l'AP et la détresse. Les résultats suggèrent que les interventions d'AP axées sur l'amélioration de la maîtrise ou de l'estime de soi, ainsi que sur la forme physique, peuvent constituer le plus grand avantage pour soulager la détresse psychologique.
